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ABSTRACT 
Sediment oxygen demand and the characteristics of river sediment are important parameters in determining 
the water quality of streams. Serin River, which receives effluents from household and agricultural 
activities such as pig farming has the possibility to be polluted by any pollutants that comes from the 
effluents. The study was carried out to measure the sediment oxygen demand (SOD) of five locations along 
Serin River. The SOD rates (SOD2o) were found to be within the range of 3.718 to 11.155 g 02/m2/d. These 
levels were considered as polluted type of sediment when the values were corrected to SOD25• The organic 
matter and organic carbon content in the five stations are low with the highest levels are 5.94 and 3.46 
mg/kg dry weight respectively. The phosphorus contents are found to be increasing with increasing of 
organic matter content. Total Kjeldahl nitrogen in the five locations is within the range of 566.2 to 3160 
mg/kg dry weight. The study also found that Serin River sediment contained considerable amount of heavy 
metals (Zn, Cd and and Cu). The highest value for Zn, Cu and Cd in Serin River is 357.3 mg/kg, 96.7 
mg/kg and 19.3 mg/kg respectively. It is recommended that monitoring be carried out on sediment 
characteristics and oxygen demand of this river to ensure the good condition of the streams for human 
activities and aquatic life. 
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ABSTRAK 
Permintaan oksigen enapan (SOD) dan sifat-sifat enapan sungai merupakan parameter yang penting dalam 
memantau kualiti air sungai. Sungai Serin yang menerima efJluen daripada kawasan perumahan dan 
a/..'1iviti pertanian seperti penternakan khinzir mempunyai kemungkinan untuk dicemari oleh pelbagai 
bahan pencemar dari efJluen. Kajian telah dilakukan untuk menentukan permintaan oksigen enapan bagi 
lima lokasi di sepanjang Sungai Serino Kadar SOD (SOD]IJ didapati dalam 3.718 hingga 11.155 g 021m21d. 
Nilai int dianggap sebagai tahap tercemar bagi enapan apabi/a nilai tersebut dibetulkan kepada SOD25• 
Bahan organik dan karbon organik dalam enapan bagi lima lokasi juga didapati rendah dengan 
kandungan yang paling tinggi ialah 5. 94and 3.46 mglkg masing-masing. Kandunganfosforus pula didapati 
meningkat dengan peningkatan kandungan bahan organic da/am enapan. Jumlah nitrogen Kjeldahl untuk 
lima lokasi kajian adalah dalam lingkungan 566.2 to 3160 mglkgberat kering. Kajian juga 
mendapati,enapan di lokasi sepanjang Sungai Serin mengandungi logam berat (Zn, Cd dan Cu) dalam 
jum/ah yang agak tinggi. Nilai tertinggi bagi Zn, Cu dan Cd dalam Sungai Serin ialah 357.3 mgikg, 96.7 
mglkg dan 19.3 mglkg masing-masing. Adalah dicadangkan supaya pemantauan dilakukan terhadap sifat­
sifat dan permintaan oksigen enapan bagi sungai ini untuk memastikan sungai berada dalam keadaan baik 
untukpelbagai aktiviti manusia dan hidupan dalam air. 
Kata kunci: permintaan oksigen enapan, sifat-sifat enapan, logam berat 
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Akcay et ai. (2003) refer the river sediments as basic components of the environment as 
they provide nutrients for living organisms and serves as sinks for deleterious chemical 
species. Unfortunately, the direct or indirect discharges of waste from human activities 
such as industrial and household cause excessive pollution of surface and underground 
water. Puyate et ai. (2007) stated that a part of the contaminants in aquatic environments 
is constituted by marine sediments. Sediment oxygen demand (SOD) is one of important 
parameter in assessing water and sediment quality in terms of the existence of dissolved 
oxygen in streams. 
The evaluation of sediment characteristics and the level of heavy metals in the 
sediments are also important since it is closely related to the water quality of the water 
I 
~Ibodies. Sediments may contain heavy metals such as zinc (Zn), tin (Sn), copper (Cu), :, 

nickel (Ni), chromium (Cr), lead (Pb), cobalt (Co), vanadium (V), titanium (Ti), iron (Fe), 

manganese (Mn), silver (Ag), mercury (Hg), metalloids astatin (As) and selenium (Se). 

These metals may cause toxicity to the aquatic organisms. The presence of heavy metals 

such as Fe, Pb, Ni, Zn and others can cause toxicity to organisms (Kumar et ai., 2005). 

Serin River in Sarawak is known as one of the river that receives effluent from 
agricultural activities including pig farm (Ling et ai., 2006). This condition may bring 
negative effects to the water quality of the river and so the sediment of Serin River. Since 
there is lack of information of this river sediment to assist the water quality assessment, it 
is important to evaluate the characteristics, including the sediment oxygen demand of I 
Serin River sediment. The bottom sediment is said to serve as a reservoir for heavy metals 
so it is important to consider the sediment as part of aquatic pollution research studies 
(Puyate et ai., 2007). Thus, the objectives of this study were to determine the sediment 
2 
oxygen demand (SOD), study the characteristics of sediment from Serin River and find 
the relationship between the parameters involved in the study. The characteristics that had 
been analyzed include pH, particle size, organic matter (OM), organic carbon (OC), total 
organic nitrogen (TON), total Kjeldahl nitrogen (TKN), total ammonia nitrogen (TAN), 
total phosphorus (TP) and the level ofheavy metals. 
2.0 Literature Review 
2.1 River sediment and its composition 
Sediments in river are derived from rock weathering and soil particles that are eroded 
especially from the river bank (Ling, 2007). Soil particles are also carried into the river 
with runoff and accumulate in the river. The compositions of sediments are altered due to 
various inputs that go into the river and also due to the chemical alteration during the 
periods of deposition (Ling, 2007). Different types of particles in sediment will fonn 
different class of sediment such as sandy type of sediment with high sand content, silts 
type of sediment and others. 
Sediments consist of a lot of different materials such as organic materials, 
inorganic materials, chemicals and biological substances including various benthic 
organisms. Chemicals in sediments are also contributed by anthropogenic activities and 
usually this will cause the sediment contaminations (Ling, 2007). Sediments also contain 
nutrients such as phosphorus and nitrogen that are always associated with organic matter. 
Sediment quality is affected by various factors including sediment grain size (Ling, 
2007). This property influences the sediment absorption capacity. Usually the fine 







particles. Another factor that can affect the sediment quality is the form of pollutant I 
i 
bound to particulate matter (Ling, 2007). The most reactive form of pollutant bound is ! 
adsorption. Pollutants in sediment tend to form bonding with organic materials, 
carbonates and sulphide. Therefore, the concentration of pollutants seems to be 
proportional to the amount of organic materials and other substance that have high 
capacity of adsorption. 
2.2 Dissolved Oxygen, DO, and Sediment Oxygen Demand, SOD 
Dissolved oxygen refers to the oxygen, 02, that dissolved in water (Mathis and Butts, 
1981). It is one of the very important parameter to assess the quality of water. Marine life 
required it for respiration. The microorganisms in the water and on the sediment surface 
also required oxygen to break down organic compounds that exist in their environment. !': 
I'.. 
Consumption of oxygen in extreme condition can cause hypoxia that will result in 
dissolved oxygen measurement of < 2mglL. This will then reduce available habitat for 
fish and other aquatic life and lead to mortality of sessile organisms (Mathis and Butts, 
1981). Dissolved oxygen in water is also control by sediment oxygen demand. 
Oxygen consumption in the sediments is commonly measured as sediment oxygen 
demand (SOD). Since sediment oxygen demand becomes a key for water quality analysis 
of water bodies it has been a concern by researchers or chemist (Cheng et aI., 2007). 
Sediment oxygen demand is the rate at which dissolved oxygen is removed from the 
water column during the decomposition of organic matter in streambed or lakebed 
sediment (Doyle and Lynch, 2003). It is the total of biological sediment oxygen demand 
(BSOD) and chemical sediment oxygen demand (CSOD). BSOD refers to the oxygen that 
is required by heterotrophs that utilize organic material as an energy source and tends to 
4 
occur close to the sediment surface. On other hands, CSOD occurs farther from the 
sediment. It occurs in water interface in a hypoxic-anoxic region where anaerobic bacteria 
degrade organic matter releasing reduce compounds that will react with molecular 
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Figure 1: SOD processes (Crompton, 2005) 

According to Crompton (2005), there are three main ways for oxygen to enter the water 

column and come in contact with the sediment-water interface. The two physical 

processes for oxygen to enter the water column comprise the reaeration compartment of a 

DO model (air-water exchange). Diffusion is the first physical method and is well known 

as time limiting step of the system (Crompton, 2005). The second physical method is 

reaeration due to turbulence of the water column from riffles, cascades, waterfalls, or 

even man-made structures such as dams and weirs (Crompton, 2005). Biological 

reaeration is known as the third method for oxygen to enter the column (Crompton, 

2005). It is provided by algae and aquatic macrophytes photosynthesis. This process is 

5 
reversed and DO is consumed during the dark periods of the day when the plants are 
respiring (Crompton, 2005). 
Biomass can reach the sediments in the river from a source outside from the system for 
instance leaf litter or it may be generated inside the system through plant growth 
(Crompton, 2005). Sometimes biomass is adsorbed to sediment particles. The biomass 
that is present in the sediment is used by the microorganisms living within the aerobic and 
anaerobic zones of the sediment. The organisms in aerobic zone require oxygen as they 
are fed with biomass (Crompton, 2005). They will tum the biomass into energy and 
therefore placing a demand on oxygen within the sediment-water interface (Crompton, 
2005). 
SOD can show a significant percentage of total oxygen uptakes in aquatic systems. 
According to Doyle and Lynch (2003), in slow moving river with high levels of organic 
matter in the bed sediment, SOD can be a major cause of low dissolved oxygen (DO) 
concentrations in the water column. The rate of SOD is affected by the temperature of 
water bodies. SOD can be measured in-situ or in laboratory. Both basically will measure 
SOD based on the decrease of dissolved oxygen in the water above the sediment under 
i, 
study. However, In situ measurement of oxygen demanded by sediments of aquatic 
systems is a time consuming and difficult task (Laboratory determination of sediment 
oxygen demand, 1978). Thus, in this study, the SOD analysis was carried out by using 
laboratory measurement approach. Table 15 in Appendix 6 shows the suggested SOD 






2.3 River Sediment Characteristics 
2.3.1 pH of Sediment 
Bottom soil pH can range from less than 4 to more than 9 (Boyd, 1995). The best pH for 
sediment is about neutral. This is an important characteristic since maximum availability 
of soil phosphorus usually occurs at about pH7. Besides that, soil microorganisms which 
are important for OM decomposition can function best at pH7 to 8 (Boyd et al., 2002). 
Acidity of sediment is usually due to the presence of aluminum ions which are attracted 
to the negatively charged clay surface and OM particles. 
2.3.2 Sediment Texture (Particle Size) 
Sediment texture is often described based on the soil texture. Three major groups of soil 
particles which are smaller than 2000 Ilm are sands, silts and clays (Tan, 2005). Clay is 
the soil fraction that is sticky when wet or hard when dry. The sizes of clay particles are 
within the range of 0.2 to 0.8 Ilm. Silts are soil fractions with particle size within the 
range of 0.002 to 0.05 mm, and are felt slightly plastic when wet. It forms an imperfect 
~' 
cast or ribbon that usually crumbles apart upon handling. Sandy soils are usually loose 
and single grained. The individual's grains can readily be seen and felt. Sand particles 
sizes are within 0.05 to 2.0 mm (Tan, 2005). Measurement of the size distribution of 
individual particles in a soil sample is called Particle Size Analysis (PSA). This 





2.3.3 Nutrient and Organic Matter in River Sediment 
2.3.3.1 Organic Matter 
Organic matter (OM) in sediments is widely distributed over the earth surface occurring 
in almost all aquatic environments. OM can be referred to as organic carbon in sediment 
(Chhatwal et aI., 1993). It is the organic fraction derived from living organisms including 
decomposed plants and animals, and animal residue (Boyd, 1995). Sometimes, OM from 
the land soil may also accumulate on the river sediment due to water and surface runoff 
especially during rainy day. OM has some important characteristics in terms of their 
ability to form water soluble and insoluble complexes with metal ions and hydroxides; 
interact with clay minerals and bind particles together; sorbs and desorbs both naturally-
occurring and anthropogenically introduced compounds; absorb and release plant 
nutrients; and hold water in it (Tan, 2005). Concentration of OM is usually greatest near 
the sediment surface (Boyd et al., 2002). 
2.3.3.2 Nitrogen 
Nitrogen (N) is consumed by plants in large amounts, whereas its concentration in 
sediment is small unless the sediment is rich with OM. It is a major component in OM, 
means that it is derived from decomposed animal and plants (Malecki, 2004). Two major 
forms ofN in sediment are organic-N and inorganic-N (Tan, 2005). Organic-N is closely 
associated with soil OM. The major form oforganic nitrogen is amino acids (Tan, 2005). 
Inorganic nitrogen is in the form ofNH3-N, NH4-N, N03-N and N02-N (Tan, 2005). 
These compounds are formed by decomposition and mineralization of organic nitrogen 
during nitrogen cycle under normal conditions. The TN is defined as the sum of organic-




Phosphorus (P) is an essential element for all living organisms (Weiss and Hondzo, 
2004). It exists in organic and inorganic forms. P is an important element in DNA, RNA, 
ATP, ADP, and other compounds within living organisms. Organic-P are divided into 
four groups; Inositol phosphates, series of phosphate esters formed from carbohydrate 
inositol and P compounds; nucleic acids, RNA, DNA; phospholipids, and miscellaneous 
ester (Tan, 2005). Increasing in amount of OM in sediment will also increase the organic-
P content. Inorganic-P is derived from decomposition of organic-P. Two major groups of 
inorganic-P in sediment are the variscite-strengite group and apatite group (Tan, 2005). 
P produced from human activities enters the streams during the surface runoff. P 
in water body will be adsorb to fine-grained sediment particles, primarily silt and clay, 
and also is associated with fine organic materials (Tan, 2005). Capacity of sediment to 
absorb phosphorus increase depends on clay content. Most of the phosphorus is tightly 
bound and only a small amount exists as water soluble phosphorus (Boyd, 1995). 
The point sources of water pollution that contribute to phosphorus content in water 
bodies has been reduced with advances in pollution control and the existence of 
legislation (Pierzynsky, 2000). However, phosphorus contribution from agricultural 
nonpoint sources continuously increases the surface water quality problems. Phosphorus 
can contribute to eutrophication which will affect various activities such as fisheries, 
recreation, human consumption and others (Pierzynsky, 2000). This will then be followed 






2.4 Heavy Metals in Sediment 
Heavy metals such as cadmium, mercury, lead, copper and zinc are regarded as serious 
marine pollutant (Puyate et al., 2007). This is due to their toxicity, tendency to 
incorporate into food chains and ability to remain in an environment for a long time 
(Puyate et al., 2007). Other several common heavy metals that can accumulate in the 
sediment are Ni, Fe and Mn (Zhang et al., 2004). The excessive levels of heavy metals 
can cause very bad effect to living organisms (Tack et al., 1999). 
The major source of heavy metals in sediment is from naturally occurring 
geochemical materials and this is enhanced by atmospheric deposition and human 
activities (Martin and Coughtrey, 1982). The factories which carried out batteries and 
photograph processing produce wastes that may contain heavy metals such as Pb, Ni, Cu 
and Zn (Mor et al., 2006). Other wastes such as electronic components that may contain 
heavy metals are dump on the landfill. Thus, during the rainy day, some of the heavy 
metals will be dissolved by rain water and flow into the nearby water body. 
River sediment can be enriched with heavy metals due to storm water runoff that 
carry along the heavy metal ions together with nutrients and soil particles, into the pond, 
:. 
during rainfall (Praveena et ai, 2007). Cu is a heavy metal that is present with a higher 
concentration in sediment, compared to the other heavy metals (Weiss and Hondzo, 
2004). This is due to the higher ability of Cu to accumulate in sediment. It is a common 
environmental metal and is essential in cellular metabolism but at high concentrations it 
can be highly toxic to fish. Zn is primarily present in dissolved form in highway runoff 
(Weiss and Hondzo, 2004). Some metals such as Pb or Hg are rather firmly bound to 
humic substances in the soil, whereas others, such as Cd can be easily remobilized from 
10 
I 
the sediment. Cadmium which is non-essential trace element enters the environment via 
anthropogenic such as sewage-sludge, fertilizers and pesticides (Greenfield et ai, 2007). 
According to Greenfield et al. (2007), cadmium adsorbs strongly to sediments and 
organic matter. Cadmium has negative effect on organisms such as decreased growth 
rates and affects embryonic development. The uptake of metal by sediment depends on 
the chemical properties of the metal and of the sediment, especially on its acidity and the 
content of humic substances. 
2.S Previous Study of Sediment Oxygen Demand and Sediment Characteristics 
Most of the SOD analysis that have been done, involved in-situ measurement approach. 
In 2008, Oldham had carried out the study of SOD of the coastal sediments off 
Binningup, Australia. The SOD measured was approximately 0.35 g 02 1m2 Iday at 19°C. 
In-situ measurement of dissolved oxygen of the sediment of River Neckar carried out by 
Haag et al. (2004) found that SOD generally increased with the square root of 
biochemical oxygen demand, BOD, measured for suspended sediment samples. SOD was 
~ 
also found to increase with increasing macrofauna density. Doyle and Lynch (2003) 
,. , 
~, , 
studied the SOD in Lake Ewauna and the Klamath River, Oregon. They found that the 
distribution of SOD2o in Lake Ewauna was within the range of 0.3 to 2.9 g 02/m2/day. On 
other hands, Klamath River had SOD values ranged from about 1.5 to 2.9 g 02/m2/day. 
Doyle and Lynch (2003) had also analyzed the organic matter of the sediment under 
study. Truax et al. (1995) carried out a study on comparison of two sediment oxygen 
demand measurement techniques and found that there is no significant difference between 
the results obtained by the laboratory and in-situ method. 
11 
I 
There are many of studies regarding the heavy metals present in the river 
sediment. For instance, Puyate et al. (2007) had studied the metal pollution in Orogodo 
River and evaluated the relationship between the levels of heavy metal such as zinc, with 
the type of sediment. They found that the level of zinc increased with an increase in the 
amount of clay fraction. Greenfield et al. (2007) determine the heavy metal in Nyl River 
and found that the concentration of heavy metals such as Zn, Cr, Cu, Cd and Mn were 






3.0 Sampling Location 
Five sampling points for this study are shown in Figure 2. All of the five sampling points 
are located along the Serin River. 
u 
t 
* Sam pll g poi nt B Ie f~ctory 
Fish pond 
AgrlculWfe 
.. Pig farm 
X QL Ag 0 factory 
Figure 2: Sampling location 
Description of sampling sites 
S 1 Residential area, (Ma' ang Village), abundant human activities, bathing, 
laundering 
S2 Near the bridge, no significant human activities, downstream of fish pond 
discharge 
S3 No significant human activities, but has a lot oftrashlrubbish materials such 
electronic components, glasses and tyres 
S4 No significant human activities apart from fishing, near the bridge, downstream of 
pig farm discharge 
S5 Near the bridge (Batang Samarahan), abundant human activities 
13 
4.0 Materials and Methods 
4.1 Samples Collection 
Three trips for samples collection were made in November 2008, December 2008 and 
January 2009. The sediment samples were collected from five different stations along the 
Serin River. Three replicates of sediments from each station were collected by using 12.7 
em height and 5.08 em diameter PVC cores. These 3 replicates were used for sediment 
oxygen demand (SOD) analysis which was carried out immediately on arrival of samples 
to the laboratory. River water from clean area of the river for SOD analysis was collected 
in 9 plastic containers; each can be filled with 23 L of water. Besides that, another portion 
of sediments from each station was collected and placed in different clean plastic bags, 
for sediment characteristics analysis. The samples were stored at 4 °c before analyses 
were carried out. The samples were analyzed for pH, total phosphorus (TP), total 
nitrogen, total ammonia nitrogen, organic nitrogen, organic matter (OM), total organic 
carbon (TOC), particle size (PSA) and heavy metals concentration (Zn, Cu and Cd). 
4.2 Preparation of Samples 
The sediment samples were air-dried for analysis of particle size. For heavy metals 
analysis, the samples were oven-dried at 105°C (Amacher, 1996). The samples were then 
ground and sieved to get the portion of sediment with size less than 2 mm. The samples 
with less than 2 mm size were collected and stored as stock samples. TKN and TAN were 




4.3 Analysis of Sediment 
4.3.1 Sediment Oxygen Demand (SOD) 
Figure 3 shows the simple schematic diagram of SOD apparatus that was used in this 
study. 
DO meter ::L 
/""" ') 
+---1 Plastic cover 
SOD chamber L.....1....---_1 
Sediment cores 
Figure 3: Schematic diagram of SOD apparatus 
Three sediment cores for each station were placed in the different labeled plastic 
chambers, in vertical position (Core diameter: 5.08 cm; height: 12.7 em). The chambers 
were covered and fulfilled with water (Chamber diameter: 24.16 em; height: 24em). The 
plastic chambers were then sealed tightly with silicon rubber sealant so that no air from 
the atmosphere can penetrate into the chamber during analysis. The DO meter which was 
placed through the cover of the chamber was used to measure the decrease in the 
dissolved oxygen due to microorganism activities in the chamber. The HAQOS SP500 
pump in each chamber was used for recirculation ofwater in the chambers at flow rate of 
15 Llmin. The water velocity in the chamber was 14.79 mls. The analysis was carried out 
for 3 hours. The reading of DO meter was recorded every 5 min for the first one hour and 
every 10 min for the next two hours. The methods were repeated for the 4 different 









pH of pond sediments were measured by using Potentiometric Method (Tan, 
2005). Ratio of 1:5 of sediment solution (sediment: distilled water) was determined by 
using calibrated Jenway 3305 pH meter. 
which consist of 5 chambers for five different samples and one control chamber. 
SOD was calculated using equation [1] (Doyle and Lynch, 2005); 
SOD T = 0.024 V (-b) [1]A 
V = volume of the chamber (L) 
A = Area of the surface of sediment (m2) 
b = slope of the dissolved oxygen concentration with time (mglL/hr) 
Measured SOD rates were corrected to 20°C and 25 °c using Van't Hoff equation; 
SOD = SOD T [2]
20 1.065 (T-20) 




4.3.3 Particle Size Analysis (PSA) 
PSA is carried out by following Pipet Method (phin, 2000; Soil Science Field Practical 
Guidelines, 2005). A 109 sediment sample was treated with H202 to remove the organic 
matter. Firstly, 20 mL of H2~ was added to the sample and left overnight. Then, the 
sample was added with about 50 mL of H20 2 while heating on the hotplate, until the 
bleach color of the sample appeared. The treated sample was then added with 5 mL of 5 
% hexametaphosphate (HMP) solution and made up to 500 mL for dispersion purpose. 
The solution was stirred for about 10 min. 
After that, the suspension was poured through 0.050 mm sieve into alL measuring 
cylinder. The fraction that remains on the sieve (A) was sand fraction and it was 
transferred into an evaporating dish by rinsing it with water. The evaporating dish was 
then placed in oven set at 105°C and left to dry until constant weight. The suspension in 
the cylinder was made up to 1 L before it was stirred thoroughly with a special hand 
plunger using an up and down movement. When the swirling motion had stop, a 20 mL of 
fraction < 0.050 mm (B) was pipetted immediately from 6 em depth and transferred into 
evaporating dish. It was also dried in the oven until constant weight was obtained. 
Fraction of< 0.002 mm (C) was pipette at depth of 10 em, 6 h 39 min after stirring. The 
fraction was also dried at 105°C until constant weight. 
Calculation; 
% sand fraction =([A-0.005]/ (A+C+D»* 1 00 [3] 
% silt+ clay = {([B-0.005] *50)/ (A+C+D)} *100 [4] 
% Clay fraction = {([C-0.OO5]*50/ (A+C+D)}*100 [5] 
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